An investigation of the genetic control of self-incompatibility in an F1 family of L. perenne L. using the pollen-stigma reaction indicated the involvement of more than two multiallelic loci. Pollen control was found to be gametophytically determined. Results indicated that the genetic control of self-incompatibility in L. perenne is similar to that in L. rigidum and L. inultiflorum. It is suggested that not all alleles in pollen and pistil have to be matched to produce an incompatible reaction in Lolium species, in contrast to the system found in other self-incompatible grasses.
INTRODUCTION
Early investigations into the genetic control of self-incompatibility in the Gramineae revealed that the system was controlled at two multiallelic loci, with gametophytic determination of pollen behaviour. An incompatible reaction occurred only when both alleles present in the pollen were matched in the style (Lundqvist, 1954 (Lundqvist, , 1955 (Lundqvist, , 1956 (Lundqvist, , 1961 (Lundqvist, , 1962 (Lundqvist, , 1965 Hayman, 1956 ). In the early 1970s two more genera within the Gramineae were investigated. In one genus, Briza, the first species studied, B. media, was shown to have a two locus system similar in all respects to those described by Lundqvist and Hayman (bc. cit.) (Murray, 1974) . However, examination of B. spicata (Murray, 1979) revealed results which could not be explained by the two multiallelic loci model. In addition, results from Lolium rigidum (McCraw and Spoor, 1983) and L. multiflorum (Hay, 1978; McCraw and Spoor, 1983 ) indicated a three locus control of the self-incompatibility system. The genetic control of the self-incompatibility system of L. perenne has been variously postulated to be controlled by one or two loci (Hayward and Wright, 1971) , two loci (Weimarck, 1968; Cornish, Hayward and Lawrence, 1979) or more than two loci (Spoor, 1976) . However, Weimarck's (1968) data can be interpreted in terms of a one locus gametophytic incompatibility system. Hayward and Wright (1971) , using a staining technique which made it difficult to distinguish between compatible and inviable pollen, found that it was not possible to interpret their results in terms of a one or two locus system. Cornish et al. (1979) and Spoor (1976) both used callose fluorescence to detect pollen tube growth through the stigma, and while Spoor (1976) classified results as compatible or incompatible only, Cornish et al. (1979) divided compatible pollinations into three types. Subdivision of compatible pollinations could be fraught with uncertainty since it has been demonstrated that less than the expected proportion of compatible pollen grains are frequently observed in crosses between plants of known genotype (Lundqvist, 1961; Hayman, 1956) .
Furthermore, by subdividing compatible pollinations into three classes based on a visual and not a numerical assessment, Cornish et al. (1979) may have overlooked any discrepancies. This paper will deal with the results of a diallel cross carried out in one F1 family of L. perenne and is the last study in this series of self-compatibility in Lolium species.
MATERIALS AND METHODS
The F1 family was produced by controlled pollinations between two self-incompatible plants from different experimental lines of L. perenne L. supplied by the Welsh Plant Breeding Station. The F1 family (designated family 6) contained twenty-three plants and was grown to flowering in a heated glasshouse in a 16-hour day.
The techniques of pollination, staining and observation were as previously described (McCraw and Spoor, 1983) .
RESULTS
The results of the diallel cross carried out for F1 family 6 are given in fig. 1 . Gametophytic determination of pollen behaviour was indicated by the observation of a non-uniform pollen reaction on the stigma in compatible crosses. However, it was not possible to classify compatible pollinations into distinct classes. More than half (11 out of 23) of the plants were self-compatible when pollinated in vitro. When these plants were allowed to self-pollinate in vivo, two seeds were produced by plant 5 while the other ten plants did not set any seed.
T.p. fig. 1 ). In addition, 27 pairs of one way compatible reactions were observed, the remainder being reciprocally compatible.
Discussion
The results presented for the F1 family of L. perenne are very similar to those already given for L. rigidum and L. multifiorum (McCraw and Spoor, 1983) . The self-incompatibility system in the Loliuin species investigated appears to be controlled by at least three multiallelic loci with gametophytic determination of pollen behaviour. Reciprocal incompatibility was observed between plants which had different self-incompatibility genotypes and it was therefore suggested that not all the alleles in the pollen and pistil have to be matched to cause an incompatible reaction (McCraw and Spoor, 1983) . One way compatibility between pairs of plants may be explained if the parent plants used to produce the progeny examined had self-incompatibility alleles in common. The occurrence of common S-alleles has previously been observed in Lolium and Ranunculus over considerable geographical distances (Cornish et a!., 1979;  1977). The results obtained in this study on the genetic control of self-incompatibility in L. perenne are in broad agreement with two earlier investigations. Hayward and Wright (1971) and Spoor (1976) both observed plants which were reciprocally incompatible and yet had different mating types, and examples of one way compatibility between pairs of plants. While Spoor (1976) observed more than sixteen different mating types and postulated a three locus system, Hayward and Wright (1971) found their results could not be explained by the two locus system postulated by Lundqvist (1954 Lundqvist ( , 1955 Lundqvist ( , 1956 Lundqvist ( , 1961 . Cornish et al. (1979) also studied the genetic control of self-incompatibility in L. perenne but expected to find a two locus system. This expectation was based on the assumption that the genetic basis of self-incompatibility is usually similar in closely related groups. Nevertheless, exceptions to this general principle are known in the Solanaceae (one and two locus gametophytic self-incompatibility systems: Pandey, 1962; Abdalla and Hermsen, 1971) , Boraginaceae (polygenic and heteromorphic self -incompatibility systems: Crowe, 1971; Varopoulos, 1979) and Caryophyllaceae (gametophytic and sporophytic self-incompatibility systems: Lundqvist, 1979) . In addition, Lundqvist, Larsen and Linde-Laursen (1973) suggested that inbreeding of experimental material, especially grasses, may lead to homozygosity and hence the underestimation of the number of S-loci. Despite the possibility of non-uniformity in the genetic control of the self-incompatibility system in the Gramineae, Cornish et al. (1979) used a technique of visually assessing the number of compatible pollen grains and recognised only four classes (0, 50, 75 or 100 per cent compatible).
However, it had previously been discovered, by counting, that the proportion of compatible pollen grains observed was frequently less than that expected in crosses between plants of known genotypes (Lundqvist, 1961; Hayman, 1956 ). In addition, if the gametophytic self-incompatibility system was controlled by three loci and all alleles had to be matched in pollen and pistil to produce an incompatible reaction, the percentage compatible pollen could be 0, 50, 75, 875 or 100 per cent (McCraw, 1981) . The percentage compatible pollen varies according to the number of S-alleles common to both plants and the distribution of the common alleles within the S-loci. Alternatively, in a three locus system where only two alleles (one S and one Z from S'S"Z) have to be matched to produce an incompatible reaction (østerbye et a!., 1980), percentage compatible pollen could be 0, 25, 50, 625, 75 or 100 per cent, depending on the distribution of and the number of common alleles among the S-loci of the two plants (McCraw, 1981) . Weimarck (1968) studied self-incompatibility in a number of Graminaceous species and divided compatible pollinations into five classes: 0, 25, 50, 75 and 100 per cent compatible. Significantly, a proportion of 25 per cent compatible pollen cannot be explained by the two locus systems proposed by Lundqvist (1954 Lundqvist ( , 1955 Lundqvist ( , 1956 Lundqvist ( , 1961 and Hayman (1956) but it can be explained by the system proposed by et al. (1980) . Cornish er a!. (1979) admit to misclassifying 9 per cent of poflinations observed, confusion arising mainly between 50 and 75 per cent compatible classes. Therefore, if either of the two alternative systems discussed here controlled the incompatibility system in L. perenne, it would be unlikely to be detected by visual assessment of pollen behaviour.
In conclusion, it appears that the genetic basis of self-incompatibility is similar in the three outbreeding Lolium species studied, namely three multiallelic loci with gametophytic determination of pollen behaviour and, in addition, the possibility that not all alleles in pollen and pistil have to be matched to produce an incompatible reaction. Although a two locus system was demonstrated for Briza media (Murray, 1974) , a three locus system may be present in B. spicata (Murray, 1979) . Therefore the Gramineae family appears to be another exception to the general principle that the genetic basis of self-incompatibility is the same within closely related groups.
